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Mehrdad Hoseiniasl'?

, Javad Jafari Fesharaki'

1-Department of Mechanical Engineering, Najafabad Branch, Islamic Azad University, Najafabad, Iran
1,2- Department of IKAC RFF & Apron Management, Imam Khomeini Airport City, Tehran, Iran

Abstract

Optimization the volume/weight of the gear train is
more important for industries and researchers. In this
paper using particle swarm optimization algorithm a
general gear train is optimized. The main idea is to
optimum the volume/weight of the gearbox in 3
directions. So, the optimization process based on PSO
algorithm occurs along height, length and width of the
gearbox to achieve the smallest possible gearbox. The
constraints divided into three types of constraints:
geometrical, design and control constraints. The
optimization process presented for two and three stage
gear trains and by choosing different values for the
gear ratio, input power and hardness of gears the
practical graphs for value of the optimum
weight/volume and all the necessary design parameters
of gearbox such as number of stages, position and
modulus of gears, face width of gears and diameter of
shafts are presented. The results are validated by
comparing to the results reported in the previous
publication.

Keywords: Optimization layout gears-Weightvolume
optimization- Particle swarm optimization (PSQ)-
Gear train,

1. Introduction

Domain of engineering problems is large scale and has
a different variable consist of linear and nonlinear
constrain and equations so many researchers studied on
heuristic methods to solve them. heuristic methods
don’t need derivatives of the functions and are
powerful method compare with traditional method.
Heuristic methods find best global solution. Hence,
Gear train optimization has more attractive for many
researchers in recent years. The volume of gear trains
depends on the configuration of affected parameters
such as, location of gears, number of gears, number of
teeth and so on. To achieve the best parameter for
gearbox, many researchers used different method for
optimization. Patwal et al. [1] proposed TVAC-PSO-
MS and used particle swarm optimization for
production  programing  of pumped  storage
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hydrothermal. Panda et al. [2] rescarched on weight
optimization for single-stage gearbox consist of spur
gear. They used different evolution algorithm to
achieve optimum weight of spur gear set in a single-

stage gearbox. They compared the results with other
modern algorithm. Chenge and Jin. [3] worked on a
new way to incorporate particle swarm optimization
and social learning mechanisms for scalable
optimization. Zolfaghari et al. [4] worked on volume
optimization of straight bevel gears by employing
evolutionary algorithm. To achieve this purpose, they
used two optimization techniques include Genetic
Algorithm and simulated annealing algorithm (SA).
Miler et al. [5] utilized Genetic algorithm to optimize
weight of a gear pair and studied on design of spur gear
with considered profile shift. Garg. [6,7] worked on
optimization of the constrained problems with hybrid
PSO-GA and used heuristic methods (artificial bee
colony algorithm) to approach better solutions for
structural engineering design problem and proposed
novel hybrid GA-GSA algorithm to improve the
performance of the mechanism. Fesharaki and
Golabi.[8] used particle swarm optimization algorithm
to find best place for piezoelectric actuator to reduce
stress concentration around hole in plate. Marjanovic et
al. [9] studied on optimization of spur gear trains. They
studied on position of shaft axes in gear train for
reducing the volume of gearbox. Their strategy for
selecting the optimal parameters has three stages:
optimal materials, gear ratios and position of shaft
axes. They presented gear trains with 22% reduction in
volume. Salomon et. al. [10] worked on Optimization
of gearbox design using active robust considered
requirements with uncertain load. Golabi et al. [11]
worked on design optimization of multistage gear train
based on minimum volume\weight. They used F-
mincon method to optimize the different parameter of
gear train such as gear ratio, input power and strength
of material. They presented the design parameters with
some graphs such as number of stages, modules, shafts
diameter and face width of gears. But in their research,
the location of gears is considered to change in two
directions (height and length).
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of constrains which include Geometrical, control and design parameter are defined. Mathematical model consist of constrains and
design parameters has been written in fitness function that applicable for any gearbox ratio and power by different number of stages.
In 3D optimization process, the locating of gear, shaft diameters, modulus, face width, and mass of gearbox are presented.
Optimization process implemented for three stages gear train by selecting different input data include gear ratio and power. The
practical graphs for extracted optimal parameters is presented as useful graph. The results show that using presented procedure,
reduced the volume of the gearbox up to 15%. At the end, an example is presented to display how practical graphs are used, The

results are compared with those reported in previous work.

Keywords: Gear train, Optimization layout gears, PSO algorithm, Volume optimization
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